The distance of 6-minute walk test (D6MWT) has been widely used in the assessment of functional status in patients with COPD, while very little attention has been paid to the role of steps of 6-minute walk test (S6MWT). The purpose of this study was to investigate the relationship between S6MWT and other physiologic parameters of COPD. Patients and methods: Seventy patients with stable COPD were enrolled consecutively in this cross-sectional study. Pulmonary function tests, including spirometry, impulse oscillometry (IOS) and the single-breath diffusing capacity of the lungs for carbon monoxide (DL CO ), were carried out at rest. Quality of life was assessed by health-related quality of life (HRQoL) questionnaires, including modified Medical Research Council dyspnea scale (mMRC), St George's Respiratory Questionnaire, Chronic Obstructive Pulmonary Disease Assessment Test (CAT) and Clinical Chronic Obstructive Pulmonary Questionnaire. Both steps and distance were measured in the following 6-minute walk test (6MWT). Results: Both S6MWT and D6MWT showed significant correlation with spirometry, IOS, DL CO parameters and HRQoL questionnaires score. Both pre-and post-6MWT inspiratory capacity showed significant correlation with S6MWT (r=0.338, P=0.004; r=0.359, P=0.002, respectively), whereas did not correlate with D6MWT (r=0.145, P=0.230; r=0.160, P=0.189, respectively). In stepwise multiple regression analysis, mMRC grade, age and CAT score remained as significant predictors in the final model for D6MWT (adjusted R 2 =0.445, P,0.01). DL CO and CAT score remained as significant predictors in the final model for S6MWT (adjusted R 2 =0.417, P,0.01). Conclusion: S6MWT is efficient in the evaluation of functional status and quality of life in COPD and has significant correlation with various parameters indicating disease severity. Additionally, S6MWT might be better in predicting lung hyperinflation in COPD compared with D6MWT.
Introduction
COPD is characterized by persistent airflow limitation and decline in exercise tolerance. 1, 2 Patient management of COPD demands regular assessment of the patients' functional status. Compared with other alternative exercise tests including cardiopulmonary exercise test and the shuttle walk test, the 6-minute walk test (6MWT) is a relatively simple and economical method for assessing the functional status of cardiopulmonary disease and has been widely used in patient management of COPD. 3 In a number of studies, distance of the 6-minute walk test (D6MWT) has been regarded as an important index of exercise tolerance in patients with COPD and correlates with mortality. [4] [5] [6] [7] Nevertheless, so far, very little attention has been paid to the role of steps of 6-minute walk test (S6MWT). Whether S6MWT is associated with
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Zeng et al severity of COPD remains unclear. It has been demonstrated that gait patterns or concern of steps in daily life influence pulmonary function parameters and quality of life in patients with COPD; 8, 9 therefore, we hypothesized that the total steps of 6MWT may also be an efficient indicator of exercise tolerance and well correlated with traditional indexes of COPD.
The main purpose of the present study was to investigate the relationship of total steps during 6MWT with traditional indicators of COPD severity, including pulmonary function parameters, quality of life and also undertake comparison with D6MWT. Besides, since data from prior study suggested that dynamic lung hyperinflation occurs in 6MWT, 10 leading to changes in spirometry such as inspiratory capacity (IC), both pre-and post-6MWT spirometry parameters were measured and involved in the statistical analysis as a contrast.
Patients and methods
This was a cross-sectional study conducted in Zhujiang Hospital of Southern Medical University, Guangzhou, China. A total of 70 patients with stable COPD were enrolled consecutively in the study between June 2018 and September 2018. The clinical diagnosis of COPD was a ratio of postbronchodilator FEV 1 /FVC ,70% according to the GOLD 2018 guidelines. 11 Participants with an exacerbation within 4 weeks prior to the tests or any severe comorbidity including unstable cardiac or pulmonary disease were excluded. Participants were required to continue with their regular therapy before performing the tests of the study. Pulmonary function tests, including spirometry, impulse oscillometry (IOS) and the single-breath diffusing capacity of the lungs for carbon monoxide (DL CO ), were carried out before the 6MWT. Quality of life assessed by questionnaires, oxygen saturation and pulse at resting state were also measured. Then, we conducted the 6MWT and recorded both the distance and total steps during the 6 minutes. Immediately after the 6MWT, the spirometry, pulse and oxygen saturation were measured again for additional post-6MWT parameters.
Pulmonary function tests
Pulmonary function tests were performed according to the guidances of European Respiratory Society/American Thoracic Society (ATS) using Jaeger Masterscreen Device (E. Jaeger GmbH, Wurzburg, Germany).
12 Pulmonary hyperinflation was reflected by IC and DL CO . IC was performed according to the guidelines described by Guenette et al. 13 After four to six tidal breath, participants at functional residual capacity were encouraged to breathe in as much air as possible to total lung capacity (TLC), and then exhaled all the air to residual volume (RV). DL CO was measured by single-breath washout method. The participants were asked to blow out all of the air that they can, leaving only the residual lung volume of gas. Then, he inhaled a test gas mixture rapidly and completely, reaching the TLC as nearly as possible. After holding in the lung for about 10 seconds, the gas was exhaled.
14 IOS and DL CO were performed only once before the 6MWT. Spirometry was performed before the 6MWT and immediately after the walking test.
Quality of life
Health-related quality of life (HRQoL) questionnaires were applied in the assessment of quality of life. 11 We used four different questionnaires in all, including modified Medical Research Council dyspnea scale (mMRC), St George's Respiratory Questionnaire (SGRQ), Chronic Obstructive Pulmonary Disease Assessment Test (CAT) and Clinical Chronic Obstructive Pulmonary Questionnaire (CCQ). The mMRC utilizes a scale with a grade ranging from 0 to 4 to evaluate the degree of dyspnea in patients with COPD. 15 SGRQ score ranges from 0 to 100, it is the most widely used questionnaire developed to measure impaired health and quality of life in airways disease. 16 The CAT, consisting of eight items, is a short questionnaire designed to measure symptoms and impacts of COPD. 17 CCQ is another short questionnaire used to quantify symptom burden and can be divided into three parts of symptoms, functional and mental effects. 18 Participants were asked to choose the description most consistent with their dyspnea symptoms or rate how strongly they agreed with each statement. For all the four questionnaires, higher grade or score represented lower quality of life and worse health status.
The 6MWT
The 6MWT was carried out in a flat, 30-m-long corridor. A traffic cone was placed at the turnaround point as a mark. Participants were asked to walk back and forth as far as possible on the corridor in a period of 6 minutes. They were allowed to rest if extremely fatigue and encouraged to continue the walking as soon as possible. Encouraging phrases recommended by the official statement of ATS were given by a researcher who counted the lap number at the same time. 19 The steps during the test were counted manually and individually by two other researchers.
statistical analyses
All the data management and statistical analyses were performed using IBM SPSS Statistics 19.0 (IBM Corporation, 
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Steps of 6MWT in predicting hyperinflation of COPD Armonk, NY, USA). Descriptive data were generated for all variables. Results were expressed in the form of mean ± SD or median (IQR 25-75) as appropriate. Difference of pulmonary function between pre-and post-6MWT was tested by paired t-test or Wilcoxon signed-rank test based on the distribution of data. Relationship of pulmonary function parameters and quality of life with distance or steps, respectively, of the 6MWT was assessed by Spearman's rank correlation coefficient. The correlation coefficient was expressed as r. Covariates showed that significant relationship was retained as potential factors in the following multiple regression analysis. The multiple linear regression analysis was carried out to examine the deeper relationship between distance or steps and numerous variates using stepwise regression algorithm and only pre-6MWT parameters were adopted in this analysis. For the distance of 6MWT, age, FVC, FEV 1 , DL CO , ratio of RV to TLC, reactance at 20 Hz (R 20 ), reactance at 5 Hz (X 5 ), mMRC grade, SGRQ score, CAT score and CCQ score were included as covariates in the model. As for the steps of 6MWT, IC, FVC, FEV 1 , SpO 2 , DL CO , RV/TLC, X 5 , mMRC grade, SGRQ score, CAT score and CCQ score were included as covariates. A two-sided P-value ,0.05 was considered to be statistically significant. Bonferroni correction was applied to determine a new alpha level in the correlational analysis.
Ethics statement
This study was conducted in accordance with the Declaration of Helsinki. The procedures of this study were approved by the ethics committee of Zhujiang Hospital of Southern Medical University under code 2018-HXNK-001. Participants were informed of the potential risks of the test, and written informed consents were obtained from all the participants.
Results
Characteristics of the subjects are presented in Table 1 . Seventy participants were recruited and 80% of them were male. The median age of all the participants was 63.0 years (IQR 25-75, 54.0-68.0 years). Based on the GOLD 2018 severity classification, 22 (31.4%) of them were mild, 32 (45.7%) moderate, 11 (11.5%) severe and 5 (7.1%) very severe.
11 When based on the GOLD ABCD Group classification, 3 (4.3%) of them were in Group A, 47 (67.1%) in Group B, 3 (4.7%) in Group C and 17 (24.3%) in Group D. Sixty-one (87.1%) participants were under regular treatment with bronchodilator. The median of D6MWT was 533.0 m (IQR 25-75, 495.8-562.5 m) and the median of S6MWT was 739 steps (IQR 25-75, 701-756 steps). Table 2 demonstrates the differences between pre-and post-6MWT spirometry relationship between distance or steps and other parameters
The results of the correlational analysis between D6MWT or S6MWT, pulmonary function parameters (spirometry, IOS and DL CO ) and quality of life (mMRC, SGRQ, CAT and CCQ) are summarized in Table 3 . Among general characteristics, age showed a significantly negative correlation with D6MWT (r=−0.485, P,0.001), but not with S6MWT (r=−0.229, P=0.057). Gender proportion and body mass index did not show significant correlation with neither distance nor steps. The relationship of D6MWT or S6MWT with spirometry parameters was similar, both before and after the 6MWT. All of pre-and post-6MWT FVC, pre-and post-6MWT FEV 1 , pre-and post-6MWT FEV 1 /FVC were significantly positively correlated with distance and steps. As regards IC, both preand post-6MWT IC showed significant correlation with steps (r=0.338, P=0.004; r=0.359, P=0.002, respectively), whereas the same did not correlate with distance (r=0.145, P=0.230; r=0.160, P=0.189, respectively) ( Figure 1 ). Neither pre-6MWT nor post-6MWT pulse was correlated with distance or steps.
For DL CO , IOS parameters and quality of life assessed by questionnaires, a significant positive correlation was observed between DL CO and both distance and steps. RV/TLC showed significant correlation with distance and steps, while RV or TLC did not. Among the IOS parameters, R 20 was only significantly correlated with distance, and X 5 was correlated with both distance and steps. A significant negative correlation was found between the score of all the four questionnaires (mMRC, SGRQ, CAT and CCQ) and both D6MWT and S6MWT.
In order to decrease the risk of type I error when making multiple individual correlational analysis, a stricter alpha level of 0.0026 (0.05/19) determined by Bonferroni correction is applied to reappraise the relationship between D6MWT or S6MWT and other parameters additionally. Under the new test level, D6MWT was significantly correlated with age, pre-6MWT FEV 1 /FVC, DL CO , mMRC, CCQ and CAT. S6MWT was significantly correlated with pre-and post-6MWT FEV 1 , pre-6MWT FVC, pre-and post-6MWT FEV 1 /FVC, post-6MWT IC, DL CO , mMRC, CCQ and CAT.
stepwise multiple regression analysis
Stepwise multiple linear regression analysis was performed to find out the predictors of D6MWT or S6MWT. Potential factors were retained in the multiple linear regression analysis as mentioned above. In the final model for D6MWT, mMRC grade, age and CAT score remained as significant predictors with an adjusted R 2 of 0.445 (Table 4) . With respect to S6MWT, only DL CO and CAT score remained as significant predictors in the final model with an adjusted R 2 of 0.417 (Table 5) .
Discussion
In the current study, we explored the relationship between S6MWT and various indexes indicating the severity of COPD, including spirometry and IOS parameters, DL CO , oxygen saturation, pulse, mMRC grade, SGRQ score, CAT score and CCQ score. One of the most significant findings to emerge from this study is that S6MWT had a good correlation with pulmonary function parameters and quality of life. Therefore, S6MWT could be used as a novel index in evaluating functional status of patients with COPD, which may be better than D6MWT in some case. Additionally, S6MWT probably suggests lung hyperinflation in COPD. There were strengths of our study. First, previous studies mainly focused on the status and role of D6MWT, which well represents exercise tolerance, in the evaluation of functional status in COPD. However, S6MWT has never been studied while it may have an interest. As for our research, it had revealed the role of the S6MWT in the assessment of COPD and made comparisons with D6MWT at the same time. Second, for either of the two aspects of COPD, pulmonary function and quality of life, we had used several different methods for measurements (spirometry, IOS, single-breath washout and four respiratory questionnaires) in order to obtain more representative and comprehensive data.
It is widely acknowledged that D6MWT correlates well with pulmonary function parameters. 4 The correlational analysis results of this study corroborated the findings of the previous work in COPD, which showed significant correlation between FEV 1 , FVC or FEV 1 /FVC and D6MWT. The association between S6MWT and spirometry parameters was similar to that of D6MWT, other than IC. Previous research had established that changes in IC reflect the ability of a patient with COPD to increase ventilation in response to the increasing metabolic demands of exercise 20 but may also indicate the degree of lung hyperinflation. 21 Our results showed that only steps correlated with IC and not distance walked. This can be explained by considering that steps is affected by lung hyperinflation. However, the precise mechanism remains to be elucidated.
A study by Marin et al showed that pulmonary function changed during daily exercise such as 6MWT and the resting spirometry parameters can only explained part of the dyspnea experienced in daily life. 22 Further support for this view comes from a small study by Wibmer et al (2014) that showed post-6MWT spirometry measures were better predictors of exercise tolerance than pre-6MWT measures. 23 Therefore, both pre-and post-6MWT parameters were collected in this study. The results of pre-and post-6MWT spirometry are presented in Tables 2 and 3 function and steps. These results support the relationship between lung function and steps. In addition to the spirometry, other pulmonary function parameters presented varying degrees of relevance to the S6MWT. As can be seen from Table 3 , DL CO , an indicator of lung gas transfer that may be altered secondarily to impairment in small airways, 24 was positively correlated with S6MWT. It showed that COPD patients walk more steps with better diffusing capacity of the lungs. Prior studies revealed that an increase in RV is an early functional manifestation of COPD. 25 Moreover, the study by Zeng et al suggested that RV was increased while TLC was only mildly elevated. 26 However, in our study, neither RV nor TLC was significantly correlated with D6MWT or S6MWT. In contrast, the ratio of RV to TLC was significantly correlated with both D6MWT and S6MWT. The most possible explanation for the inconsistency is that the majority of the participants (87.1%) in this study were in mild-moderate severity classification and the change in RV or TLC separately was too mild to be identified in the correlational analysis, while the ratio of them might be more sensitive in this population. Furthermore, from the results of S6MWT and IOS parameters, we can see that S6MWT was correlated with X 5 , but not R 20 . It can be inferred that S6MWT is mainly influenced by peripheral airway function instead of proximal airway function, 27, 28 which is in accordance with the functional change of small airways in COPD. To summarize, S6MWT is correlated with various pulmonary function parameters measured by different methods and reflects the status of pulmonary function.
HRQoL questionnaires are commonly used in the quantity assessment of quality of life, therapeutic evaluation and have good consistency with COPD patients' exercise tolerance, with higher score or grade indicating worse functional status. 29 The alternative questionnaires for assessment of COPD have respective advantages and disvantanges. 30 The mMRC is a traditional and simple scale applied in the assessment of dyspnea. SGRQ is well validated and reliable. It is the most widely used HRQoL questionnaire in COPD, while it may be time-consuming to complete and is complex to score. CAT and CCQ are shorter and simpler questionnaires. CAT has been recommended to assess symptom burden and assist in guiding management by the GOLD guidements.
11 CCQ is another valid questionnaire for COPD but was less well known than CAT, although it may have some advantages over CAT in some cases. 18 For this reason, we had adopted these four different questionnaires in this study. The results of the correlational analysis shown in Table 3 have demonstrated that both D6MWT and S6MWT were closely correlated with the score or grade of COPD questionnaires. COPD patients with respiratory symptoms in daily life also reflect in S6MWT.
Another point deserving consideration is that S6MWT, compared with D6MWT, may be more efficient in reflecting lung hyperinflation in patients with COPD. In this study, the results obtained from stepwise multiple linear regression analysis showed that mMRC grades, age and CAT score 
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Steps of 6MWT in predicting hyperinflation of COPD were independent determinants of D6MWT. It was to some extent lined with the conclusion from study of Casanova et al, which had established that demographic characteristics such as age, height, weight and gender were the main determinants of D6MWT rather than pulmonary function parameters like FEV 1 . 31 This study by Casanova et al was performed in healthy subjects, while the findings still provide a reference for COPD. As demonstrated in our results, except for age, two indexes indicating quality of life, mMRC grade and CAT score, were remained in the final model for D6MWT. It may be that although the decline in pulmonary function is the underlying cause leading to exercise intolerance, respiratory symptoms, scores of HRQoLs questionnaires reflect the functional status more directly and relate much closer to D6MWT. Similar explanation may be applied in the results of S6MWT. In the final model for S6MWT, only CAT score and DL CO remained as the independent determinants. First, we can infer that among the various parameters, quality of life plays an important role in S6MWT. It further strengthens the link between quality of life and S6MWT. Second, as a result of small airway dysfunction, DL CO is altered in case of lung hyperinflation and emphysema. 24, 32 The results of multiple regression analysis had demonstrated that both D6MWT and S6MWT are primarily determined by HRQoL questionnaire score. However, S6MWT seems to be better in predicting lung hyperinflation in COPD when taking the results of correlational analysis and stepwise multiple regression analysis into comprehensive consideration, while further investigation and experimentation for it is recommended.
Limitations
There were some limitations in this study. First, as mentioned above, most of the participants in our study were within mild-moderate severity classification of COPD, therefore, the validity and efficiency of S6MWT should be checked in every grade of COPD. Second, since lung hyperinflation does not appear during the 6MWT in healthy subjects, the role of S6MWT in people without COPD is not clear. Additional work will be needed to clarify whether S6MWT is useful in identifying other pathophysiologic changes in the elderly.
Conclusion
Our study has shown that S6MWT correlates well with pulmonary function and quality of life in patients with COPD. S6MWT can be used as a novel index in the evaluation of functional status of COPD. More importantly, steps might give additional indication in addition to distance traveled about the risk of lung hyperinflation. Considerably more work will be needed to investigate the link between steps and hyperinflation in patients with COPD.
